The Asia Oceania Human Proteome Organisation has embarked on a Membrane Proteomics Initiative with goals of systematic comparison of strategies for analysis of membrane proteomes and discovery of membrane proteins. This multi-laboratory project is based on analysis of a subcellular fraction from mouse liver that contains endoplasmic reticulum and other organelles. Here we present the strategy used for preparation and initial characterisation of the membrane sample, including validation that the carbonate-washing step enriches for integral and lipid-anchored membrane proteins. Analysis of seventeen independent datasets from five types of proteomic workflows is in progress.
Introduction
Membrane systems, including membrane proteins, are essential constituents of cellular life.
The topography of proteins in membranes is intimately related to function. Transmembrane protein architecture includes proteins that span the membrane via TMDs either as beta-barrel structures or through relatively hydrophobic transmembrane helices [1] . Other proteins are selectively associated with one face of their membrane, including by binding through hydrophobic peptide domains or lipid anchors. Technical challenges in the analysis of membrane proteins and membrane proteomes are well known, ranging from difficulties in detection of receptors and other proteins present at abundances less than ten thousand copies per cell to difficulties handling and detecting proteins that contain a high proportion of hydrophobic transmembrane regions. LC MS/MS of proteolytic peptides is established for proteomic analysis of membrane fractions [2] , including large-scale experiments relevant to our current study that list hundreds of proteins from normal mouse liver [3] [4] [5] [6] [7] [8] . Prior to these studies, and related shot-gun MS/MS of other membrane systems, membrane proteins were poorly represented in proteomics reports.
As previously reported, AOHUPO (www.aohupo.org) has embarked on a Membrane Proteomics Initiative with the goals of systematic comparison of strategies for analysis of membrane proteomes and discovery of membrane proteins [9, 10] . This multi-laboratory project is based on analysis of a mouse liver membrane preparation (the Membrane Proteomics Initiative Standard, MPIS). Liver was chosen because of its relevance to several of the participating laboratories including those involved in the HUPO Liver Proteome Project [11] , and because of extensive published knowledge about liver biochemistry, subcellular biology and pathology that can be used for functional analysis of membrane proteins. The distributed MPIS was prepared by differential centrifugal pelleting of a liver 6 homogenate to yield a microsomal pellet. The resuspended pellet was subsequently washed with an alkaline carbonate solution [12, 13] to enrich for membrane proteins. We have in progress analysis of the MPIS using a range of workflows (Table 1) [9, 10] . Here we present the strategy used for preparation and initial characterisation of the MPIS, based on LC MS/MS of tryptic digests of the MPIS and precursor microsomes.
2.
Materials and methods Aliquots of 20 μg protein from each of the above samples were mixed with Invitrogen NuPAGE lithium dodecyl sulfate sample buffer and electrophoresed on 4-12% precast polyacrylamide Bis-Tris NuPage gels using MOPS SDS electrophoresis as described previously [15] . After electrophoresis, the gels were stained with colloidal Coomassie Brilliant Blue G-250 and imaged using a Molecular Dynamics Personal Densitometer SI (Molecular Dynamics, Sunnyvale, CA).
Preparation of membrane fractions

LC MS/MS of tryptic digests
The reported results are based on replicate (n=6 for each sample) LC MS/MS analyses of MICR or MPIS samples containing 20 μg protein, dissolved in 8 M urea, 100 mM Tris-HCl, pH 8.5, to a final volume 50 μL. Protein disulfide bonds were reduced with 10 mM DTT for 30 min at 56 °C, followed by alkylation with 55 mM iodoacetamide for 40 min at room temperature in the dark. The reduced and alkylated samples were diluted 3-fold with 100 mM Tris-HCl pH 8.5 and digested with trypsin (Roche, modified sequencing grade) at an enzymeto-substrate ratio of 1:50 (wt/wt) in the presence of 1 mM CaCl 2 overnight at 37 °C. After digestion, 90% formic acid was added to 4% concentration.
The resulting tryptic peptides were purified using 100 μL OMIX C18 tips according to the manufacturer's instructions (Varian Inc., CA). Peptides in each sample were eluted in 20 μL of 70% ACN -0.1% formic acid and were further diluted with 0.1% formic acid. LC MS/MS was carried out using a Dionex UltiMate TM 3000 LC system (LC Packings, Netherlands) and a Thermo Finnigan LTQ mass spectrometer equipped with a nanospray ion source (Thermo Electron Corporation, USA) as described previously [15] . Peptides were 
Bioinformatics
In the initial phase of analysis, peak lists were extracted from the raw MS files, and peptide and protein lists were generated by groups at The Joint Proteomics Laboratory (JPSL) in Melbourne, Rockefeller University, Yonsei University, and the Beijing Proteome Research
Centre. Subsequently, all extraction and processing of data from the raw files for the purpose of this manuscript was done at JPSL. Peak lists were extracted using extract-msn (BioWorks 3.3.1 Thermo Scientific) using the following parameters: minimum mass 700; maximum mass 5000; no merging of scans; 10 peaks minimum and total ion current 100. The
PeakListExtractor program (JPSL, in-house software) was used for generating optimized Mascot generic files (MGF format) from the DTA files. This program removes duplicate peak lists for +2 and +3 spectra that are automatically generated by extract_msn because of the low resolution survey scan of the LTQ instrument. For these spectra, a global "CHARGE=2+, 3+" was written to the header of each MGF file instructing the Mascot search algorithm to search these spectra as doubly and triply charged, but retain only the highest scoring peptide. All other spectra (i.e. not 2+ or 3+) were searched using the specified local "CHARGE=x" parameter determined by extract_msn. 
Results and discussion
Preparation and characterization of the MPIS
Our goal was to prepare a subcellular fraction that was enriched for integral membrane proteins in sufficient quantity for the participating laboratories to analyze using a range of proteomics techniques. We used the alkaline carbonate washing method that Fujiki et al. employed to strip excess protein from ER and other organelle membranes in rat liver subcellular fractions [12, 13] .
Although the alkaline carbonate method is frequently used in membrane isolation protocols, this is often done without systematic characterization of proteins that are depleted or retained after carbonate washing. We therefore examined the extent to which integral membrane proteins and lipid-anchored membrane proteins were detected in the carbonate washed MPIS and precursor microsomes MICR. (Fig. 2B) . The conclusions that membrane proteins were enriched in the MPIS, and that soluble proteins were depleted, were supported by analysis of numbers of proteins containing predicted TMDs. Forty-one percent of the 428 MPIS proteins contained predicted TMDs including 111 with a single predicted TMD, and 63 with predicted multiple TMDs (Fig. 2C ).
Membrane proteins are enriched in the MPIS
We next considered the extent to which membrane proteins were enriched in the MPIS and whether the carbonate washing procedure was compromised by loss of membrane proteins.
Proteins that were annotated for membrane locations (for all detected organelle proteins, and either containing predicted TMDs or membrane anchors), were located preferentially in the MPIS: numbering 88 in the MPIS alone, plus 72 in both the MPIS and MICR (Fig. 3A) . Two proteins with membrane annotations, each identified by three significant peptides, were detected only in the precursor MICR. One of these proteins Picalm, is a phosphatidyl inositolbinding clathrin assembly protein with no predicted TMDs whose membrane annotation reflects ability to associate with membrane phospholipids. The second protein, Dnaja1, is a potentially farnesylated protein that would associate with proteins through the farnesyl lipid anchor. It is possible that Dnaja1 was detected as the unmodified polypeptide. ER lumen proteins including carboxylesterases (Supplemental Table 3 Table 4 ). All of these proteins were detected in MPIS, but 11 of the P450s and three of the glucuronosyltransferases were barely or not detectable in the MICR (0-5 spectral counts). The cytochrome P450 mixed-function oxidase enzymes are variously distributed in ER or mitochondrial membranes and have roles in metabolism of a wide range of endogenous and exogenous substrates [21] . Sutton et al. [22] reported 26 P450s using tandem mass spectrometry of gel slices from mouse liver microsomes separated by SDS-PAGE, and of these 17 matched the P450s we report.
Supplemental Table 5 
Concluding remarks
In summary, our strategy for the AOHUPO Membrane Proteomics Initiative was to prepare a subcellular fraction enriched for membrane proteins that could be used to examine the extent to which membrane proteins can be detected by a range of proteomics workflows. We therefore prepared a mixed organelle microsomal pellet and used the carbonate washing procedure to enrich for membrane proteins. The analysis presented here demonstrates that membrane proteins containing TMDs or lipid anchors were captured and enriched in the MPIS. Enhanced detection of membrane proteins in the MPIS can be attributed to the greater concentration of membrane proteins that was achieved by depletion of approximately 70% of 
